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In this paper we discuss the Odderon contribution in our model[19] that gives a fairly good
description of σtot,σel and Bel for proton-proton scattering. We show that the shadowing corrections
are large, and induce considerable dependence on energy for the Odderon contribution, which in
perturbative QCD does not depend on energy. This energy dependence is in agreement with the
experimental data for ρ = Re/Im, assuming that the Odderon gives a contribution of about 1mb
at W=7 TeV. This differs greatly with our estimates for CGC based model. The reason for this
difference is that the elastic scattering amplitude in our two channel model, does not reach the
unitarity limit (Ael (W, b = 0) = 1, even at very high energies.
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INTRODUCTION
The new data of TOTEM collaboration[1–4] drew attention to the state with negative signature and with an
intercept which is close to unity (see Refs.[5–14]). This state is known as the Odderon, and it appears naturally in
perturbative QCD (see Ref.[15] for the review) with the intercept αOdd (t = 0) = 1[16, 17]. In a number of papers
it was shown that such a state could be useful for describing the experimental data[5–14].
However, in perturbative QCD the dependence of the Odderon on energy is crucially affected by the shadowing
corrections, which lead to a substantial decrease of the Odderon contribution with increasing energy[15, 17, 18].
In this paper we wish to study the shadowing corrections to the Odderon contribution using the model that we
proposed in Ref.[19]. The model is based (i) on Pomeron calculus in 1+1 space-time, suggested in Ref. [20], and (ii)
on simple assumptions of hadron structure, related to the impact parameter dependence of the scattering amplitude.
This parton model stems from QCD, assuming that the unknown non-perturbative corrections lead to determining
the size of the interacting dipoles. The advantage of this approach is that it satisfies both the t-channel and s-channel
unitarity, and can be used for summing all diagrams of the Pomeron interaction, including Pomeron loops. In other
words, we can use this approach for all possible reactions: dilute-dilute (hadron-hadron), dilute-dense (hadron-nucleus)
and dense-dense (nucleus-nucleus), parton systems scattering.
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2The model gives a fairly good description of three experimental observables: σtot,σel and Bel for proton-proton
scattering, in the eikonal model for the structure of hadrons at high energy. The goal of this paper is study the
influence of the shadowing corrections on the Odderon contribution in our model.
THE MODEL (BRIEF REVIEW)
Our model includes three essential ingredients: (i) the new parton model for the dipole-dipole scattering amplitude
that has been discussed above; (ii) the simplified one channel model that enables us to take into account diffractive
production in the low mass region, and (iii) the assumptions for impact parameter dependence of the initial conditions.
New parton model.
The model that we employ [19, 20] is based on three ingredients:
1. The Colour Glass Condensate (GCC) approach (see Ref.[15] for a review), which can be re-written in an
equivalent form as the interaction of BFKL Pomerons[21] in a limited range of rapidities ( Y ≤ Ymax):
Y ≤ 2
∆BFKL
ln
(
1
∆2BFKL
)
(1)
∆BFKL denotes the intercept of the BFKL Pomeron[22]. In our model ∆BFKL ≈ 0.2− 0.25 leading to Ymax = 20− 30,
which covers all collider energies.
2. The following Hamiltonian:
HNPM = − 1
γ
P¯P (2)
where NPM stands for “new parton model”. P and P¯ denote the BFKL Pomeron fields. The fact that it is self dual is
evident. This Hamiltonian in the limit of small P¯ reproduces the Balitsky-Kovchegov Hamiltonian HBK ( see Ref.[20]
for details). This condition is important for determining the form of HNPM. γ in Eq. (2) denotes the dipole-dipole
scattering amplitude, which in QCD is proportional to α¯2S .
3. The new commutation relations:(
1 − P
)(
1 − P¯
)
= (1− γ)
(
1 − P¯
)(
1 − P
)
(3)
For small γ and in the regime where P and P¯ are also small, we obtain
[P, P¯ ] = −γ + ... (4)
consistent with the standard BFKL Pomeron calculus (see Ref.[20] for details) .
In Ref.[20], it was shown that the scattering matrix for the model is given by
SNPMmn¯ (Y ) = e
1
γ
∫ Y
0
dη[ln(1−p) ∂∂η ln(1−p¯)+p¯p][1− p(Y )]m[1− p¯(0)]n¯|p(0)=1−e−γn¯; p¯(Y )=1−e−γm
= [1− p(Y )]m e 1γ
∫ Y
0
dη[ln(1−p¯)+p¯]p (5)
where p(η) and p¯(η) are solutions of the classical equations of motion and have the form:
P (η) =
α+ βe(1−α)η
1 + βe(1−α)η
; P¯ (η) =
α(1 + βe(1−α)η)
α+ βe(1−α)η
; (6)
where the parameters β and α should be determined from the boundary conditions:
P (η = 0) = p0; P¯ (η = Y ) =
α
P (η = Y )
= p¯0 (7)
3Eikonal approximation
In the eikonal approximation we neglect the contribution of the diffractive production and assume that the hadron
wave function diagonalize the matrix of interaction. In this model the unitarity constraints take the form
2 ImA (s, b) = |A (s, b) |2 +Gin(s, b), (8)
where Gin denotes the contribution of all inelastic processes. In Eq. (8)
√
s = W denotes the energy of the colliding
hadrons and b denotes the impact parameter. In our approach we used the solution to Eq. (8) given by Eq. (5) and
A = 1− SNPM(Y, b) ≡ 1 − exp
(
− Ω (Y, b)
)
(9)
The general formulae.
Initial conditions: Following Ref.[19] we chose the initial conditions in the form:
p(b′) = p0 S(b′,m) with S(b,m) = mbK1(mb); p¯(b− b) = p0S(b− b′,m) zm = e∆(1−p0)Y (10)
Both p0 and mass m, as well as the Pomeron intercept ∆, are parameters of the model, which are determined by
fitting to the relevant data. Note, that S (b,m)
mi b1−−−−−→ exp (−mb) in accord with the Froissart theorem[23].
From Eq. (10) we find that
a(b, b′) ≡ a (p, p¯, zm) = 1
2
(p+ p¯) +
1
2 zm
((1− p)(1− p¯) − D) ; (11)
b(b, b′) ≡ b (p, p¯, zm) = 1
2
p− p¯
1− p −
1
2zm(1− p) ((1− p)(1− p¯)−D) ; (12)
D =
√
4p(1− p)(1− p¯)zm − ((1− p)(1− p¯)− (p− p¯)zm)2; (13)
These equation are the explicit solutions to Eq. (6) and Eq. (7).
Amplitudes: In the following equations p ≡ p(b′) and p¯ ≡ p¯(b− b′).
z = e∆ (1−p0) y
S(a, b, z) ≡ S(a(b, b′), b(b, b′), zm), X(a, b, z) ≡ X(a(b, b′), b(b, b′), zm)
X(a, b, z)) =
a+ bz
1 + bz
(14)
SS(a, b, z) = (15)
−(a− 1)Li2(−bz) + aLi2
(
−bz
a
)
+ (a− 1)Li2
(
a+ bz
a− 1
)
+
1
2
a log2((1− a)bz)
−(a− 1) log(bz + 1) log((1− a)bz)−
(
a log(z)− (a− 1) log
(
−bz + 1
a− 1
))
log(a+ bz)
+a log(z) log
(
bz
a+ 1
)
S(a, b, z) = SS(a, b, z) − SS(a, b, z = 1) (16)
The amplitude is given by
A(s, b) = 1 − e−Ω(W,b) = (17)
1− exp
(
1
p0
∫
m2d2b′
4pi
(
S(a, b, zm) + a(b, b
′)∆(1− p0)Y
)
−
∫
m2d2b′
4pi
p¯(b− b′,m)X(a, b, zm)
)
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FIG. 1: QCD Odderon for two dipoles scattering: the wavy lines describe gluons and the solid lines correspond to quarks.
THE ODDERON CONTRIBUTION
Odderon exchange
As has been mentioned, we view the Odderon as a reggeon with negative signature and with the intercept αOdd(t =
0)=1. Generally speaking its contribution to the scattering amplitude has the following form:
Oik(s, b) = η−(t) giOdd(b) g
k
Odd(b) s
αOdd(t) − 1 (18)
where η− is a signature factor η = tan
(
1
2pi αOdd(t)
) − i , giOdd is the vertex for the interaction of the Odderon
with state i, and αOdd denotes the trajectory. The Odderon appears naturally in perturbative QCD. As one can see
from Fig. 1 the QCD Odderon describes the exchange of three gluons and all the interactions between them. The
QCD Odderon has the trajectory with the intercept equal to 1 and which does not depend on t[16, 17]. Hence, the
Odderon only contributes to the real part of the scattering amplitude. For an estimate we will use the following form
of the Odderon contribution:
Oik(s, b) = ±σ0e− b
2
4B (19)
where sign plus corresponds to proton-antiproton scattering, while sign minus describes the proton-proton collisions.
The value of σ0 was evaluated in Ref.[24] (see also Ref.[25]) in the framework of perturbative QCD. It turns out that
σ0 = 20.6 α¯
3
Smb. In perturbative QCD, we expect that B is smaller than for the elastic scattering. We choose
B = 5.6− 6GeV −2 for our estimates[5? ]. In Eq. (19) we assume that giOdd(b) in Eq. (18) does not depend on i.
Shadowing corrections
In the eikonal model the elastic amplitude is equal to (see Fig. 2-a)
Ael (s, b) = 1 − exp
(
− Ω (s, b)
)
(20)
Eq. (20) is the series whose general term is proportional to Ωn/n!. In the case of Odderon exchange we need to
replace one of Ω by O(s, b). Hence Ωn/n! should be replaced by O(s, b)nΩn−1/n! = O(s, b)Ωn−1/(n− 1)!. Finally,
we have (see also Ref.[13])
OSC (s, b) = O11(s, b) e
−Ω(s,b) = O(s, b)
(
1 − Ael (s, b)
)
(21)
Numerical estimates
In this section we make estimates using our model for Ω, with parameters that are given by Table I. In Fig. 3 we
plot the b dependence of the Odderon contribution. One can see that the shadowing corrections lead to a considerable
suppression of the Odderon contribution at small b in comparison with Eq. (19) (see red line in Fig. 3). This
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FIG. 2: Shadowing corrections to the Odderon exchange: Fig. 2-a: elastic amplitude in the two channel model. Fig. 2-b: the
shadowing corrections in our model. The wavy lines describe the Pomeron exchanges while the zigzag line corresponds to the
exchange of the Odderon.
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FIG. 3: O (W, b) versus b for different energies. The red line corresponds to the contribution of Eq. (19).
suppression is much smaller than in our approach, based on CGC[13]. The reason for this is that in our model the
value of Ael (s, b) turns out to be smaller than 1 even at very high energies. Due to this O (W, b = 0) 6= 0 even at
W ≈ 20TeV .
In Fig. 4 we plot the contribution of the Odderon to the ratio of ρ = Re/Im parts of the scattering amplitude
as function of energy. One sees the influence of the shadowing corrections, which induce the energy dependence of
this ratio on energy. Eq. (19) shows that the Odderon does not depend on energy without these corrections. This
induced energy dependence turns out to be rather large causing a decrease of ρ in the energy range: W = 0.5 ÷ 20
TeV. However, this effect is much smaller than in our previous estimates [13] and the value of ρ does not contradict
the experimental data [1–4].
The shadowing correction has a remarkable effect on the t-dependence of the scattering amplitude (see Fig. 5 ). We
see that the shadowing corrections lead to a narrower distribution over t, than the input given by Eq. (19), which is
shown in Fig. 5 by the red line.
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FIG. 4: ρ = Re/Im due to the Odderon contribution versus W in our model.
∆dressed p0 m(GeV ) χ
2/d.o.f
0.331 ± 0.030 0.483 ± 0.030 0.867 ± 0.005 1.3
TABLE I: Fitted parameters.∆dressed = ∆ (1− p0).
CONCLUSIONS
In this paper we discussed the Odderon contribution in our model[19] that provides a fairly good description of
σtot,σel and Bel, especially as related to the energy dependence of these observables. We showed that the shadowing
corrections are large and induced considerable dependence on energy for the Odderon contribution, which in pertur-
bative QCD is energy independent . However, this energy dependence does not contradict the experimental data for
ρ = Re/Im, if we assume that the Odderon gives a contribution of about 1÷ 4 mb at W=7 TeV (see Fig. 6).
This fact is in striking contrast to our estimates for the CGC based model[13]. The reason for this difference is that
the elastic scattering amplitude in the two channel model does not reach the unitarity limit (Ael (W, b = 0) = 1, even
at very high energies.
We believe that our estimates will be useful for further discussion of the Odderon contribution, especially the
t-dependence of the Odderon, which turns out to be quite different from the bare Odderon given by Eq. (19).
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FIG. 5: O
(
W, q =
√|t|) versus q = √|t| for different energies. The red line corresponds to the contribution of Eq. (19).
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FIG. 6: ρ = Re/Im for proton-proton scattering versus W =
√
s. Data are taken from PDG [26] and from the TOTEM papers
[1–4]. The solid line shows the predictions of our model, while the dashed one presents the estimates for the value of ρ, adding
the odderon contribution 4mb at W=13 TeV, to our model.
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